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HOVEL IMKUNOSUPPRBSSAKT PEPTIDES 

The present invention relates to the use o£ novel peptides which 
bind ic «aJor histocompatibility com^Ux (MHC) .olecules and modulate 
an ifflfflune response. 

An integral part of the Baiaalian iuune response is the ability 
of T cells to recognize protein antigens. The T cells are presented 
vith processed antigen complexed with the MHC molecules expressed on 
the surface of certain cells. Antigen presentation appears to be a 
major, if not the primary, function of MHC molecules. 

Doth helper and cytotoxic T cells are believed to recognize 
antigens by interacting with MHC-antlgen complexes. MHC Class I 
molecules (e.g.. HU-A. -B and -C.molecules in the human system) are 
involved in generating a T-killer cell response. In which cells bearing 
the eliciting antigen are attacked. Class 11 molecules (HU-DP. -DO and 
-OR in humans) present antigen to T-helper cells, and thus control the 
expansion and maturation of • selected population of B cells, resulting 
in the production of antlgen-speclfie antibodies. Thus. Class I and 
Class II MHC molecules play a critical role in regulating an 
individual's immune response to a protein antigen. 

Autoimmune diseases sre characterized by an Immune response 
against "self" antigens. In essence, autoimmune disease results when an 
Individual's immune response is bo longer able to distinguish self 
antigens from Bon-sel£ (foreign) antigens. It is thought that 
self-reaetlve B cells exist In the body for many potential 
autoantlgens, but that the reactivity of the aelf-reacllve B cells and 
ether Immune cells Is controlled by MHC molecules. 
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Sevral .ut i.»«ne diseases Sav been shovn to be associated vuh 
particular MHC allel s. One of the .ost notable ass ciati n, has b en a 
rh.«..t id syndrom inv Iving the spinal c lu«,. ankylosing ^ 
spondylitis. «.d the allele HU-B27. Another.- the haplo.ype HU.DR2. xs 
co-.on in the .utoi«une disease .ultiple aderosls. Hashi-oto-s 
disease, vhich affects the thyroid, tends to be ""^^'"^ J^*^ 
HU.DR5. Other .tudles have shown that Individuals having HU-ORl. 
.nd/or DR4«* and/or ORAvU alleles .re genetically predisposed towards 
rheumatoid arthritis. ResearC suggests that the corresponding MHC 
proteins play . key role in such disuses, perhaps by binding with a 
self-entlgen and presenting it to T cells. 

current tr.at««ni for autoi-une dl.eas. such as rheu-atoid 
arthritis consists prl..rily of treating the sy.pto.s. but not 
intervening In the etiology ot the disease. Broad spectru. 
chemotherapeutlc agents are tyrlcUy ..ployed, vhlch .gents .re often 
associated with numerous undesirable side effects. 

The inadequate treatments presently available for rheumatoid 
arthritis lll«.trate th. ureent need for .gent, to treat r.«tol«une 
disease, that .void nonspecific suppression of .n Individual's overall 
immune response yet do not cause .erlou, side effects. Such agents 
should also be economical to produce and possess favourable 
pharmacologic properties for evampl. . r.l.tlv.ly long half-life. 
thereby facilitating lower dosages and/or less frequent admin- ■ 
istratlon. Peptides which Inhibit BU-DR restricted T cell actlvatl n 
by binding to BU-OR molecules, such a. ORl. DR*w.. or DR*wU offer 
these advantages. 

For example, as HU-DR .lleles have been Mtocl.ted vlth 
rheumatoid arthritis, antigens which bind to th. DR «,lecul. may serve 
„ a source of binding peptides. lnfluen«. hemagglutinin (-HA-) Is a 
protein Identified as speclflally reacting vlth HU-DR. .nd portions 
thereof -y b. screened for reactivity to provide a ..quenc. vhleh 
binds the .pproprUte OR «»l«eul.. .«ch .. ORl. DR*w4 or ORAwU. «.d 
then .creened for the .billty to Inhibit or otherwise .oduUte .n 
«,tlgen-speclflc Immune response such .. -ight be ...ocl.ted with the 
disease. The MHC molecule with which th. peptide Is being t.st«l -y be 
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isolated fro. cells vhlch express it. or th. cells .,y be ""Y"" 
A l.«e nu.ber of cells «Uh defined HHC . lec-les. p.rticul.rly HHC 
ills n . lecules. .re Kncn .nd readily available. A variety f ass.y 
procedures .ay be e.ployed In the screening protocol and are also «« I 
Lvn in the art. Typically, for instance, the peptide «y be labeUed. 
e.g., with a radionuclide. en«y«e. fluorescer. etc. and specific 
binding activity determined. 

using the procedure outlined herein, a partial sequence of HA. 
..ino acid residue. 307 to 319 (designated here as P'P*"*/ 
HA307-319,. h.s been identified vhich bind, to both OKI .nd DR4v. HHC 
.olecoles. The sequence of this peptide I. as shown in Sequence 
Identifier No.l. 

The biological activity of the peptide, i.e. the ability to 
inhibit antigen-specific T cell activation, -ay also be assayed „ . 
variety of systems. In one cellular assay, an excess of peptid is 
incubated with an antigen-presenting cell of .cnovn '[[^^^Xl 
(e.g.. OM) and . T cell clone of known antigen specificity (e.g.. 
tetanus toxin 830-843) and MHC restriction (again. ORl). and.th. 
.ntigenic peptide itself (i.e.. tetanus toxin 830-8.3). The assay 
culture is incubated for a sufficient ti-e for T cell proUferat on 
such as four days, and proliferation is then measured using standar 
procedures, such a. pulsing with tritiated thymidine during the las 18 
hours of incubation. The percent inhibition, compared to the controls 
which received no inhibitor, is then calculated. 

The capacity of peptide, to inhibit antigen presentation in an is 
vitro ...ay "y be correlated to th. capacity of the peptide to inhibit 
:77^une response vivo. In vivo .ctlvity may be determined In 
-^^ animal models, for ..ample, by .dmlnistmring .ntigen known to be 
restricted to th. p.ctlcui.r MHC .ol.cul. recognised by the peptide, 
.nd the ImmunomoduUtory peptide. T lymphocyte, .re .ubsequently 
tMoved Cro^ the wlmal .nd cultured with a do.e r.ng. of .ntigen. 
inhibition of .timuLtlon 1. measured by convention.l me.ns. e.g.. 
pulsing with |«Hl-thymidine. .nd comp.ring to .ppropri.t. controls. 



Once . 



peptide which binds to the .elected MHC molecule is 
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iHentified. • -c r« binding r.gi n" of th ..ntlg.n «y b i ter.in d by 
syiheslring verl.pping p.plld« r by employing N-ter«inal r 
C-ter-inal deletions (truncations) or additions. By "core binding 
.egion- as used herein Is .eant a sequence of amino acids or a.ino acid 
.i..tics Lportant in «lntalning a binding affinity of the peptide for 
.n MHC Mltrule. The core binding region .ay contain contact residue, 
having characteristics essential for binding. Thus, the core binding 
region comprises those residues of the peptide that define the 
specificity of the peptld-HHC interaction. In the determination of a 
core binding region, a scries of peptides with single amino acid 
substitutions may be employed to determine the effect of electrostatic 
charge, hydrophobiclty. etc on binding. For instance, vith peptide A. 
a series of positively charged (e.g.. Lys or Arg) or negatively charged 
(e.g.. Clu) amino acid substitutions may be made along the length of 
the peptide revealing different patterns of sensitivity towards various 
OR molecules. For example, the DR4w4 molecule preferentially binds t 
peptides that bear little or no electrostatic charge in a core region 
consisting of residues 309-3U inclusive. Notably, substitution of Tyr 
309 of peptide A with either Clu or Arg results in substantially 
decreased binding affinity. 

Within the cote region, "critical contact sites", i.e.. those 
residues (or their functional equivalents) which must be present in the 
peptide so as to retain the ability to bind an HHC molecule and inhibit 
the .presentation to the T cell, may be identified by single amino acid 
substitutions, deletions, or insertions. In addition, one may also 
carry out a systematic scan with a specific amino acid (e.g., Ala) to 
probe the contributions made by the ilde chains of critical contact 
residues. For mxample, Ala substitutions along the length of BA peptide 
A reveals that binding to the DRl molecule is relatively unaffected by 
such substitutions, except for mn Ala substitution of position Tyr-309. 
Binding to 0R4W* is relatively unaffected by Ala .ubstitutlons. except 
at positions Tyr-309 and Thr-3l«. 

Peptld-s of the Invention which are relatively insensitive to 
single amino acid substitutions with neutral amino acids, except at 
essential contact sites, have been found to tolerate multiple 
substitutions. Particularly preferred multiple substitutions are small. 
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relatively neutral .oieM.s .uch as Ala. Cly. fro. or s^^lar rcsidu s. 
The substitutions be ho-o-oliRomers or heter .olijo««s. Th n„.be, 
.nd types of tesidu s which .re substituted r added depend n th 
spacing necessary between essential contact points and certain 
functional attributes which are sought (e.g.. hydrophobicity versur 
hydrophilicity). Increased binding affinity for an MHC -olecule .ay 
.ISO achieved by such substitutions, co-pared to the affinity of the 
psrent peptide. In any event, such -spacer- substitutions should ..ploy 
..i„o acid residues or other .olecular frag-ents chos.d to avoid for 
example, sterlc and charge Interference which .ight disrupt binding. 

The effect of single ..ino acid substitutions «y also be probed 
using O.a.lno acids. Such substitutions «y be .ade using well known 
peptide synthesis procedures. S.ngle D...ino acid substitutions in 
peptide A reveal that those .ade to th. core region produce a peptide 
having substantially decreased affinity for HHC DRl. whereas those 
0.f«r. substitutions «de outside the core region are relatively well 
tolerated. 

using the strategies outlined above, certain minimal require.ents 
for peptide binding to HU-OR have been identified. In particular, a 
peptide of the present invention will comprise a core binding region 
comprising a hydrophobic Uamino acid or amino acid mimetic, a spacer 
sequence of fro. 2 to 6 residue., and a Thr or Thr mimetic residue, 
wherein at least one residue is a'D-amino acid or an amino acid 
•imetlc. 

Accordingly, the present Invention provides peptides of formula I 

in vhieh. reading fro. left to right In the direction fro. the H to the 
C terminus; 

R, li m ipacer sequence of from 0 to 7 amino acid or amino 

acid mimetic residues, 

R, is a hydrophobic Ua-lno or L-amlno add mimetic residue. 

B, It a spacer fe..jence of from 2 to 6 Uamlno acid or 
Uamino add mimetic residues. 



r 
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R, is Thr or a Thr Binetic residue, «nd 
R, is a spacer sequence of betw en 0 and 10 amino acid r 
aaino acid ■tnetic r«!Sidues, 

provided that at least one residue is a D-a.ino acid or an amino acid 
Bimetic. 

• In certain embodiments, the peptides of the invention display at 
least one of the following features ') and 2): 

1) if R» is present, the last residue Df R,. together with 
R,, constitutes an isostere of Xi-Phet 

2) R, comprises 2-5 residues, two of which constitute an 

isostere of Xj-Cln; 

wherein Xi Is a L- or D-amino acid mimetic and X, can be any 
I -amino acid or L-amino acid mimetic. 

In one preferred embodiment of the peptides according to the 
invention, the last residue of R» (X,) Is positively charged. Preferred 
residues are Ala and ala, the isostere of X».Phe is typically ala-Phe. 
Ala-Phe. ala-Cha. Ala-Cha. ala-Ad. or Ala-Ada. where Ch. is cyclohexyl- 
alanine and Ada is adamantylamlne. 

If an isosrere of X,-Cln is present, it is preferably Arg-Gln. 

The term -spacer sequence" refers to sequences of aaino acids r 
.Bino acid mimelics. which are substantially uncharged or positively 
charged under physiological conditions and which may have linear or 
branched side chains. 

By -amino acid mimetic- as used herein Is meant a moiety, other 
than a naturally occurring amino acid, that eonformatlonally and 
functionally serves a* a substitute for • particular amino acid In a 
peptide of the present invention without adversely interfering to a 
significant extent with, or in some circumstances actually enhancing, 
the interaction of the peptide with its MBC receptor. Peptides 
incorporating amino acid mlmetics may be synthesiieo and screened f r 
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. .Hec. on bindin. in a variety of^ass.ys. e.g.. in . c ^^^^^^ 
! h an unsubstituted parent peptide. H w ver. the ter. "Thr .x«t c 
Jer;! -X .i.«tlc- -her. X I. any specific natural .«ino ac.d. 

.„. r..i*«.. .h.. c~ ; .... . .... .p.ci... 

:;r:r;.rrr.;.r.rw:. ...... .a.,s.. 

brackets. 

other possible -odlCication. Include an N-alkyl (or aryl) 

(♦imcoi). >y .•«• „ .,„„„....,..• I. «.n. 

:t.r.c:r. «.r;.. ...... - 

^TZ ^^r .!» ..... Ty.-AU-«.. .h. ....... .... 

while r.tal...n| . -.^dnvtrfo iio.et with a topology thai 
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MHC .oleeule. See Co d««n et «1. Perspectives in Peptide Chemistry- 
pp. 283-294 (IS81)- 

V.rious .mino .eld .ineiics (as defined above) «ay be incorporated 
in the lso$t«e. The side chain of the individual residues also be 
.odified in a nu.her w£ ways. For instance, the side chain of a lysine 
residue isosiere ««y be lengthened or shortened. Other .odlf ic.tions 
include the alkylation of HH, of lysine vlth a dihydroKypropyl radical. 
The isosteres described above .ay co-prise either a peptide bond r a 
peptide bond ■Imeilc, but preferably coaprise a peptide bond. 

t 

It should be understood that the nomenclature used to describe 
peptide compounds follows the conventional practice wherein the a-ino 
group is presented to the (the N-ter-inus) and the c.rboxy group 
to the right (the Cierminu:.) of each aaino acid residue. In relation 
to a sequence or part of a sequence, the ter. "first" refers to the 
residue nearest to the N-t.r«inus. and the tera "last" to that nearest 
the Cterainus. In the formulae representing specific embodiments of 
the present Invention, the amino- and carboxy-terminal groups, although 
not specifically shown, will be understood to be in the form they would 
assume at physiologic pH values, unless otherwise specified. 

In the formulae, each «.ino acid residue Is generally represented 
by the standard designation, in hich the L-form an amino acid 
residue is represented by a three-letter symbol having a capital first 
letter and the D-form for those amino acids having D-forms is 
represented by a three-letter symbol having a lower case initial 
letter. Glycine has no asy-atric carbon atom and is simply referred to 
as -Cly". It if to be underilood that where a sequence is defined as 
consisting only of Uamino acids, that sequence may contain Cly. or 
other amino acids lacking an asymmetric carbon atom. 

The peptides of the invention contain at least one residue 
selected from D-amlno acids and amino acid mimeties. preferably at 
least one O-amino acid. Such residues are preferably located at one or 
both of the termini, at this is found to improve the itabillty of the 
peptide In vivo. The peptides of the present Invention preferably have 
• human serum half life at least about tw tlm s that of peptide A. 



i 
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preferably ao ut four to ten ti J greater. Peptides wth bal Iwes 
.eater than ten ti.es that of peptide A are particularly preferred, 
lability can be assayed in a number of vays. For instance, peptidases 
„d various biological media, such as human plasma and serum, have been 
used to test stability. A preferred method for determining stability » 
to measure half life in the 252 human serum assay described in detail 
belov. 

certain preferred embodiments of the peptides of the present 
invention comprise modifications :o the N- «.d Cterminal residues to 
alter the physical or chemical properties of the peptide, such as. for 
example, to affect binding, stability, bioavailability, ease of 
linking, etc. 

The N-terminal residue can be modified to include alkyl. 
cydoalkyl. aryl. arylalkyl. and acyl groups. The N-t.rmlnal residue 
..y be linked to a variety of moietle., other than amino acids such as 
polyethylene glycols (such as tetraethylene glycol carboxyllc aci 
.onomethyl ether); pyreglutamlc acid, succinoyl. .ethoxy succinoyl. 
benzoyl, phenylacetyl. i-. 3-. or A-pyrldylalkanoyl. .royl. alkanoyl 
(including acetyl and cydoalkanoyl e.g. cycloh.xylprop.noyl). 
.rylakanoyl. aryla.inocarbonyl. alkylaminocarbonyl. cydoalky - 
amlnocarbonyl. .Ikyloxycarbonyl (carbamate caps), and cycloalkoxy- 
car bony 1, among others. 

Preferred .odlfic.tlons of the Ct.r.lnus include modification of 
the carbonyl carbon of the Cterminal residue to for. . carboxy- 
terminal amide or alcohol ( I .«■ . « reduced form). In general, the 
.aide nitrogen, cov.l.ntly bound to the carbonyl carbon on the 
C.termlnal residue, vlll have two substitution groups, oach of which 
can be hydrogen, alkyl or an alkylaryl group (substituted or 
unsubstltuted). Fref.r.bly the Cterminal is un «.ldo group, such as 
.CONH,. -COriHCH,. -CONBCH,C.a, or .COM(CH,),. but «y also be 2-. 3-. 
or A.pyrldyl.ethyl, 2-. 3-. or A-pyrldylethyl. crboxyllc acid, ethers, 
carbonyl esters, alkyl. arylalkyl. aryl. cydohexylamlde. piperldlne- 
..Ide and other mono or dlstubstltuted amides. Other .oletles that can 
be linked to the .Cterminal residue Indude plperldln.-4.carboxylle 
.dd or amide and els- or trans- A-amln - cydoheKanecarb xyllc acid r 
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amide. 

in f r.ing C-t.r-.ln.l .-idated ce.p unds £ th. .esent invention, 
u 8 c.n be synthesized directly, for .xa«ple. using .n ..ine 

the compound can be syntnes»*r c,.,^-.. 243- 1B7 

.„ ..... r..i.. SI *i- * :!1 

.„.,......ii, c-....i..> """7; ; : • 

n, p .. .... P.P<i r IVZu 

....'„!.n.l,. P«P.r.* b, ..li- pH... «»th.... ..... S*S«» ...in 

1„ conjunction .1th .n PHOC .y»tl...ls protocol- 

. ,„ic.l .,n,h.,l. pr.«'.« 1. «•"<•«• 
.cid 1. c..pl.b to . swrli. ...in (Uck... S.lt...lw«) ..l". 

l.L,lon 1- MCLd o.t ».ln. .n AppU.d Bl..y.t.M 4»A pcptU. 

.or J-., .b. ...1- -p'- • '°" ""::;'c^^^:„ 

Kydr.«,b.n....l...l. ..... .« «•.. .PPropC" • " 

.l,.,.tlon 1. .ontln..* <• ..~ P""«»- ^' 

r, .... 1. 1....P....- "r;rr:u::r:r: iitin 
::rr.::::r, r ; ;r..:r r..r:L .n ..cb...^.b.n.. 

.o.po.n* 1. .h.n ...PL* to 'n. •« .hoU. by-'oxy- 

J..rl...l. *l.y.l*..yl..'b»"«'"« « •«•■"•• 

ri-uy. ..1". •"• "' ' ^ 

trtataent with trifluoroacetic acid. 

in . preferred ..hodi.ent. th. .roup R, contain. I or 2 rt.ldu... 
with th. CUst r.sidu. b.ing a D-a-ino acid, pr.f.r.bly Ac-ala. ph. or 
. vh.r in the prefix Ac before the thre-l.tter sybol for an a.i 
.c ; a iiies .n ac.tylated H.t.r.in«. on that aaino «id. The s.cond 
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residue, if present, is pr.tec.bi;' Ma or .ia. The group ..y .1-' 
c -prise .t least one N-.lkyl or .-alkyl amino acH residue. 
..rticuuny preferred groups are .1.. al.-Al.. Ac-.U and 
Ac-ala-Ala. 

R, is . hyrophobic r-sidue .nd is thought to be . binding site 
. contact residue. Although it. selection .s generally dependent on the 
particular MHC -olecule of interest, the R, residue is preferably 
elected fro. the grou, of Tyr. Fhe. Trp. Met. and their a.ino .«d 
.i.etics. such ,^2-thienyl-alanine. e-a-ino-^-phenylbutyric acid, 
phenylglycine. 3.(2.naphthyl)alanine. 3.(l-nr.phthyl)alan.ne. 
M.ad.«.ntylal.nine. ^^-anthr.cenyl.lanine. i-cydohexylalanine. 
2.a.ino.3(l.l'-biphenyl.A.yl)-propanoic acid. 2.a.inoindane.2. 
. boxylic acid. tetrahydroiso,uinoline carboxylic acid l-(2-propano,c 
.cid>-la.ino-ben,a«epine-2-on.. and 3-(4-pyridyl)-ala„ine Hore 
preferably, particularly vhen the «BC oolecule is DRl DR.w.. .n 
0R.V14, R, is Phe. cydohexylalanine. or J^l-adaaantylalanine. If is 
absent. R, is preferably cydohexylpropanoyl. 

R, usually comprise, * residues, preferably co.posed of 
Cln.Ser-Gln-Thr. Cln-Arg-Cln-Thr . Ala-Arg-Ala-Thr . A^-*^-*^-;;^; 
M.-Ala-Ala.Ala. Ala-Ala-Ala-Arg. Ala-Ala-Ala-Lys or Ala-Asp-Ala-Ala. 
of which the last four .re particularly preferred. 

R, is also thought to be a binding site contact residue. It is 
preferably Thr. but .ay also be a -hr .i.etic. such a. His Cly. Val. 
Pro. Ser. alkyl substituted His. hydroxyproline. hydroxyv.line 
J.acetyl-2.3.di«inopropanoic acid. 4..cetyl.2.4-di..inobutanoic acid. 

allothrcunine. and the llk«. 

R» is preferably 3-6 residue, long. «»re preferably *-5 residues 
long, the last residue being a O-a-ino .cid or unn.t«r.l ..ino acid 
not found in proteins. Preferred s«,uenc.. are Lys-Ala-Ala-Plp-NH,. 
Ala-Ala.Ala.Al..al.. Lys-Ala-Aia-AU..!.. . 
Uu-Uys-Ala-Ala-ala. and Ala-Lys-Ala-Ala-ala. vherein Plp-NH, is 
piper idine-4-c.rboxa.lde. 

The peptide has a e re binding region conposed only of L-a.ino 
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acids. The core binding region vlll typically include, in tne direction 
from the N- to the C-t.r.inus, . K Jr nhobic L-.-ino acid (preferably 
Phe) or. L-amino acid .l.etic, • s,.acer sequence t fro« 2 t 6 
residues, and a Thr or Thr .i.etic residue, corresponding to R,. R, and 
R, respectively. Preferred sequences of the core binding region are 
Cha-Ala-Al a-Ala-Ala-Thr . Cha-Ala-Ala-Ala-Lys-Thr . 
Phe-Ala-Ala-Ala-Ala-Thr. Phe-Ala-Ala-Ala-Lys-Thr. or 
Phe-Gln-Arg-Cm-Thr-Thr. where Cha is cydohexylalanine. 

R,. R,. .nd R,. as previously described, are «p*cer sequences. 
They co-prise neutral and positively charged residues. The neutral 
residues of the spacer sequences typically include, a-ong others. Ala. 
ala. Cly, Pro. P-Ala. substituted B-ala (e.g. « -.ethyl. e-«ethyl. 
-benryl. or ft-benryl substituted). PABA. or other neutral spacers of 
non-polar a.lno apids (those with hydrophobic side groups at 
physiologic pH values) such as aminoisobutyrlc acid (Alb). Val. Uu. 
lie. Met. Phe. or Trp; or other neutral polar a.lno acids (those 
residues with hydrophlllc. uncharged side groups at physiologic pH). 
such as Ser. Thr. Asn. Gin. A spacer sequence uy also Include a«lnn 
acid BiBetics such as ethylene glycol or propylene glycol. 

Positively charged residues may be Incorporated In the spacer 
sequences to Increase aqueous solubility. The presence of these 
residues generally Increases solubility to at least about lug/.l «nd in 
so.e cases, higher than l.g/.l .t pH 7.*. Positively charged spacer 
residues Include, a-ong others, Lys. hoao-Lys, Acg, N-alkyl or , 
H,N.dlalkyl-Lys, ho.o-Arg, H-,H-dlalkyl-ho.o-Arg, H-.lkyl or 
N.N-dlalkyl-Arg, N.N.N-trlalkylaMonlum salts, ornithine (Otn). 
2.3-dlamlnopropanoic acid (dap), 2,4-dla.lnobutanolc «cld (dab), and 
•ay have, for ew-ple, .olecul.s such as dl>ers of ethylene glycol 
(polyethylene glycol or propylene glycol (polypropylene glycol) 
attached thereto, e.g.. to Lyi, to further whance lolublllty. 

Rt is a spacer sequence within the core binding region. As 
discussed above, the core binding region (R, to S.) of • peptide of the 
present invention dees not contain D-a«lno adds. Thus, the above 
description of the residues in R| and R, applies to R, except that all 
the Ri aaino acid residues are In the L fora. 
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peptidase reslstuice of ihe peptide. 

«.,er..n.l hydrophobic «iet, =.n be ilnhed " •"'»• 

hydrophobic ..i.t, i. ... '^"t ""\:\:.r.Th i d h . " ..... 

peclld. beckbone Mdlfictlon. toovn to <ho.. «UU.« _ 

present invention includet 

B. . R-CO- . R-CS. . F-SO,. . R-O-CO- . R-HH-CO- . R-O-CS- . 

R-S-CO- . R-NH-CS- , and R-S-CS- , 
where R Is the hydrophobic moiety. 

» .id. ,.ri.., of <•••• 

<l„cl»di.. Ph..yl. l-n.P»<H»l. J-W""*')' .r»lC..,.lkyl. .tyryl. 

c yclo'ihyl. c....ycl..lh,ic..,.l.=yl ,r..p., .hich ..y b. 

d : or °ti-.ob....-t.d by .-b......»t. ..U».i fo. hyd..^. ~.ho.,. 

.,ho„, ph....y. -iho. di~.hyl«i».. chloro. br«i.. -hyl «d 

^thylihioi .d.~htyl «.d .d»«>tylC..,.lkyl ~i..l... 

Further N-ter.in.1 caps include groups of formula 11 



R'.(Clli).- 



II 



in vhleh R' 1. . h«t.rocycllc ,roup ..l.ct.d fro. pyridyl. Py-"*"^*' 
t : nyl. thU«ol>l. .K^olyl. i.idaxolyl and i.o«,olyl. vMch ~y • 
.ono- or dl-.ub.titut.d by s«b.tituent. .elected fro. hydroxy. «thoxy. 
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«tho.y. Phenoxy. -ino. di-ethylamino. chl re. br «o. .e.hyi .nd 
aethylthio; and i» • 0 to 7. 

Peptides of the present Invention possess various combinations 
the above features. For instance, virtually any residue of P«P'"« ^ 
..y be substituted «lth one of the 0^-ino .cids or a. o acid -i.eucs 
discussed above, although, as discussed above, the core binding reg on 
Should consist exnlusively of L-a-ino adds. Alternatively, on or both 
terminal residues .ay be .odifled as described above. In certain 
..todi-ents both ter.in.l residues are -odified D-a.ino 
i,.t.nce. the C-ter.inal residue is «idat.d and the " - 

is a^etylated. In addition, the C-ter-inal residue can be 

he ipeptide Ala-Al. (such as piperidine..-carboxylic acid or ... e 
.L cis..-aLocyclohex.necarboxylic acid or a.ide) and the N-ter.inal 
residue can be . D-^^ino acid. In other ..bodi.ents R. ~y be absen 
Ind R, is a hydrophocc a.ino acid .i.etic (e.g. cydohexylpropanoyl) 
vJch fir.: a hydlophobic cap. .y co....Uon of the .odif ic.tions and 
substitutions discussed can be used so long as MHC binding is not 
adversely affected. 

Peptides or analogs thereof having the desired activity .ay be 
.odified as necessary to provide certain desired attributes, e.g.. 
Lproved pharmacological characteristics, vhile increasing or at least 
retaining substantially all of the biological activity of the 
unmodified peptide to inhibit the preselected i««ne response. For 
instance, the peptides can be .odified by extending, decreasing or 
substituting in the compound's «.ino acid sequence, e.g.. by the 
addition or deletion of amino acid, on either the amino terminal or 
carboxy ter.ln.1 .nd. or both, of the sequences disclosed above. 

The peptide, or analogs of the Invention c«. be -odified by 
.Iterlng the order or co.po.itlon of certain residues, it being re.d ly 
.pprecLted that certain a.ino acid residue, essential for b ological 
activity, e.g.. those at critica: contact .It... -y ..n.raly not be 
.Itered without .n adverse effect on biological activity. The 
non-critical ..ino add, need not be li.ited to those naturally 
occurring in proteins, .uch a. L-aaino adds, or their «>-i.o..rs - 
..y include « nlprotein a.ino acids as veil, .uch a. P-. t-, or S-a.in 




ot &.i«ino .cids (such »s piper.'l..-*-c.rboxylic .cid) 

n". ....... - . 

o, .h. pr....> ■.«v.»,l n ..y .»..r.lly cprl.. .i.h., l-."" 
0...i„. .ci^s. b., n.. D-..in, .eld. .l.hin th. cor. Mrdi". 

TM p,p,ia.. ..rf th.r..l .1 th. pr...n. l»v..tl.. .MO. 

! .ci"c . c.« c..p.i.. !.«> ' •■'»• ' 

,h. ■:.ri.r..tl.n.l .,ul..l.n> tl>.r~>f. "t. " !««' »• 

l.„.,h. pr...r.tly ». .h.» ... P....r.tly » « 

Td t.t..d .h.. n.»..rl..c.l ».n. .c.d. ~, f «<-" 
.^ rltld. .r .1.1. ..... .cid ..~t'". '••»"•=" 

o , .» ..bs..-..- ........Ul r..id.... .PP.."- . 

:i .b. ......... p.p..d. ......n, ... ..cd .^.c. 

..y b. .cc».od.,.d by <b. blbdi.. d».in .i <b. "»<: 
molecule. 

The peptides of the present Invention end ph.r~c.utic.l 
composition, thereof ere p.rtic«l«ly useful lor -i^^"- ^ " 
..««.ls. p.rticul.rly hu..ns. to treat . variety of "n^^^ ' 
involving .«toi«-une diseases. For Instance, although rhe -atoid 
arthritis can be treated with conventional che.otherapeutic agen s as 

e ned above, the peptide, of th. invention a. described herein «y 
Z used to treat the sy-pto-s of rheu-toid arthritis or prevent their 
occurrence in identified patients or those patients at risk of 
developing the disease. Since the l«uno.odulatory peptides vhlch bind 
lected HHC -olecule. are -or. .elective than conventional agents 
..nd generally vlU be le.s toxic, they vlll be -ore effective and less 
likely to cause complication, than the conventional broad spectru. 
.gents. Of course, if necessary or desirable, the peptides «y be 
.'.mistered In conjunction vlth th. traditional cheaotherapeutlc 
.getns. and .ay be used to lover th. dose of .«eh agent, to levels 
.ub.tantlally belo- those typically ..sociated vlth toxicity. 

Other autol-mune as. dated dl.orders for vhlch the peptides of 
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invention .ay b e-ployed . 'tli ve the sy.ro.s ol. tr at or 
Lvent th ccurrence r r occurrence f include, f r example. Sjogr n 
yndro.e. scleroderma, p ly-yositis. der«t -yositis. syste.ic lupus 
erythematosus, juvenile rheumatoid arthritis, ankylosing spondylitis . 
.ysthenia gravis (antibodies to acetylcholine receptors . ou lous 
pemphigoid (antibodie to basement membrane at derma epidermal 

unition). pemphigus (antibodies " v:";":,::: r 

or intracellular cement substance), glomerulonephritis (antibodies to 
glomerular basement membrane). <;oodpast«re's syndrome, autoimmune 
hemolytic «.e.ia (antibodies to erythrocytes). Hashimoto's disease 
(antibodies to thyroid), pernicious anemia (antibodies to .ntrins.c 
Ltor). idiopathic thrombocytopenic purpura («.tibodies " P 
Grave's disease and Addison's disease (antibodies to thyroglobulin). 
and the like. 

The dose of the immunomodulatory peptides of the invention for 
treatment of autoimmune disease will vary according to. e.g.. the 
peptide composition, the manner of administration, the particular 
disease being treated and its severity, the overall health and 
condition cf the patient, and the Judgment of the prescribing 
physician. For example, for the treatment of rheumatoid arthr ti, vith 
. peptide of the prerent invention the dose is in the range of about 50 
wg to 2.000 .g/Uay. preferably 5 to 700 .g/day for a 70 kg patient. 
Administration should begin at the first sign of symptoms or short y 
.fter diagnosis, and continue at least until .y-ptoms are substantially 
abated and for a period thereafter. In e.t.bll.hed ca.es loading dose, 
followed by maintenance doses may be required. 

The pharmaceutical compositions mre Intended for parenteral, 
topical, oral or local administration. «uch a. by aero.ol or trans- 
dermally. for prophylactic and/or therapeutic treatment. The compos- 
iilons are .uit.ble for «.• In a variety of drug delivery .y.tems. 
Preferably, the pharmaceutical compositions are administered parent- 
.rally, e.g. Intravenously. Thus, the Invention provide, compositions 
for p.nrenter.l .d.inl.tration vhlch comprise an immunomodulatory 
peptide di..olved or .u.pended in an acceptable carrier, preferably an 
I,ueous carrier e.g. vatet. buffered water. O.AX saline. 0.3X .lyclne. 
hyaluronic acid and the like. These composition, may be sterilised by 
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. lu. ...rl.r p.... .. .*iM.tr..i.». T». ...p.s..i«. • ' 

ph.r«c....i..n, .«.,..«. .~lU.r, «b..."f " " 

.pp„.l».. pl.„l.lo.lc.l ..n4i<i»... .uch .s PH 

J..r.n. ...«ts. ...lO, 

...d .K. 11... ..r ..»P1.. ....... I."."- - 

.hl...d.. P.....1". •"■I""- """"*• """"" --'""*"• 

triethanolaniine oleate. etc. 

The concentration of l»«uno.odul.iory peptides In the 
pHar.aceutlc.1 tor.ulatlons can vary vldely. i.e fro- less than aoout 
0 on, usually at or at least about 5X to as .uch as 50 to 75. by 
velght and will be selected prLarlly by fluid volu.es. viscosities, 
etc . m accordance vlth. the particular «ode of administration 
selected. Thus, a typical pharmaceutical composition for Intravenous 
infusion could be .ade up to contain 250 .1 of sterile Ringer's 
lolutlon. and 10 «g of peptide. Two or .ore peptides of the invention 
..y be co.blned to for. a peptide -cocktail- under certain 
c rcu..tances for Increased efficacy. The peptides of the lnv...,tlon .ay 
.ISO M used m conjunction vlth other phar^ceutically active agents. 

For solid co.posltion.. conventionalnontoxic solid carriers .ay 
be used which include, for «na.plr. pharmaceutical grades of .annltol. 
.actese. .tarch. -gnesiu. .t.arate. .odium ..ccharin. talcum, 
cellulose, glucose, aucro... magnesium carbonate, and the like. »o 
oral administration, a phar.aceutlc.lly acceptable nontoxic co.posltion 
I, for.ed by incorporating .ny of the normally ^ployed •«iplents. 
.uch as those carrier, previously U.ted. «.d generally 10.95X of 
>^ .ctlve ingredient, that i.. one or more peptide, of the invention, 
preferably 25-75X. 

For aero.01 .d.int«tr.tion. the iMunomodulatory peptide, .re 
preferably .upplled in finely divided form .long with a conventional 
L-toKic .urfact«,t and . .-itabl. propellant. Typical percentages o 
peptide, are COIX-WX by weight, preferably IX-IOI, «d of .urf.ct.nt 
ftom O.IX-20X by weight, preferably 0.25X-5X. 



KT/EINI/OU:!! 



wo 92/0254J 



1(7 

The compositions containing the ioBuno.odulatory peptides can be 
.d.inistered tor prophylactic and/ r therapeutic treatments. In 
therapeutic applications, eo-positions arr ad. nlstered to a patient 
already auffering fro. a disease, as described above, in an n-ount 
sufficient to cure or at least partially arrest the sy«pto«s of the 
disease and its complications. An a-ovnt adequate to acco-plish this ts 
defined as -therapeutically effective dose." A-ounts effective for th.s 
use will depend on the severity of the disease and the weight and 
general state of the patient, but generally range fro- about 0. I .g to 
about 2.000 -g of peptide per day for a 70 kg patient, v^th dosages f 
fro. about 0.5 .g to about 700 .g of peptide per day being .ore 
co«.only used. It .ust be kept in .Ind that the luterlals of the 
present Invention «y generally be ..ployed In .«xous disease states, 
that is. life-threaienlng or potentially life threatening situations. 

in prophylactic applications, eo.posltions containing the peptides 
of the invention are ad.inistered to a patient susceptible or 
otherwise at risk of a particular autoiwune .'.Isease to enhance the 
patient's own iwunoregulatory capabilities Such an a.ount is defined 
to be a -prophylactlcally effective dose." In this use. the precise 
aaounts again depend on the patient's state of health and weight, but 
generally r«.ge fro. about O.l .g to about 500 .g per 70 kg patient, 
.ore co«>only fro. about 0.5 .g to about 200 .g per 70 kg of body 
weight. 

The peptides My also find ust as diagnostic reagents. For 
«xa«ple. a peptide «.y be used to deffln. the .usc.ptlbility of a 
particular Individual to a trtawent region which ..ploys the peptld 
or related peptides, and thus uy b. helpful In .odlfylng an existing 
treatMnt protocol or in d.l.r.lnlng a prognosis for an affected 
individual. In such Instances c.ll. bearing the selected MFC antigen, 
e.g., white blood cells, will be obtained fro. the Individual, 
incubated In vivo with the p.ptlde(s), an l»unostl.ulatory peptide, 
and a collection of T cells fro. the -ra-e individual. The prollferatl n 
of the T cells can then be assayed In the presence or absence of said 
iMunoaodulatory peptide or peptide .Ixture. 
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Selection and ScreenlP ff »f Peptide Library 

This Example illustrates the Bethod used to identify peptides 
vhich bind human MHC HU-DRl and -0R4w*. A library of about one hundred 
eighty synthetic peptides is tested. The library screened is non- 
redundant in the sense that care Is taken to eliminate amine icid 
sequences too closely related; overlapping peptides are allowed but 
only 1£ they overlap less than SOX of total residues. 

Cells . EBV-transformed homoiygous cell lines are used as a source 
of DR molecules. Cell lines are routinely monitored for DR expression 
by FACS analysis. Their OR types are confirmed by serological typing 
(Terasaki et al.. A.>r. J. Clin. Path. 69:103-120 (1978)) and RFLP 
analysis (Schreuder. J. Exot. Mert. 164:938 <198&». Cell lines used are 
maintained in vitro by culture in RPMI 1640 medium (Flow Ubs. McLeon. 
VA). supplemented with 2 mM L-glutamlne (Clbco. Grand Island. NY). 50 
.H 2-mercaptoethanol (Sigma Chemical Co., St. wuis. MO). 100 wg/ml 
streptomycin. 100 V/ul penicillin (Clbco, Grand Island. NY), and lOX 
heat-inactivated fetal calf serum (Haselton Biologies Inc.. Unexa. RS) 
or horse serum (Hazelton Biologies Inc.). Large quantities of cells are 
grown In stationary cultures (250 cc flasks). Cells are lysed at a 
concentration of 10« cell«/ml In 50 mH Trls-HCl pH 8.5. containing 2X 
Rennex. 150 .K NaCl. 5 mM EOTA. and 2 rtl PMSF. The lysates are cleared 
of nuclei and debris by centrlfugatlon at 10.000 x g for -0 minutes. 

Affinity puriftcation of PR molaeulas . OR molecules are purified 
^essentially as described by Gorga *t al. (Corga et al., J. Biol. Chea. 
"262:16087-16094 (1987)) using tha ■onodonal antibody Li3.1 (Corga et 
,1.. Cell. Immunol. 103:160-173 (1986)), eovalently coupled to protein 
A-Sepharose CL-4B. Epstein-Barr virus- trans formed human B cell lines, 
homozygous at the DR locus, are usad as a source of OR molecules. The 
LC-2 (ORl) and Prelss (DR4, Dw4) lines were obtained from Dr. J.C. 
Corga (Harvard University, Cambridge, MA), and MAT (DR3). Beh (DR4. 
Ow4) and SVEIG (DR5) from Dr. C. Napoe (Virginia Mason Research Center. 
Seattle. WA). Allquota of cell lysates equivalent t approximately 10 g 
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ot cells are passed sequentially through the £ U «ing columns: 
Sepharose CL-.B (10 -1). protein-A-Seph.rose (5 -D. ve/iZ-protein-.- 
Sepharose (10 .1). m.l-prot.in-A.Sephar se .(15 ml), using a fl w rat 
of 30 mi/h. The col«»«s .re v..hed with 10 column volumes of 0 .H 
Tris-HCl pH 8.0. O.W Rennex (5 -1/hr; 2 column volumes of PBS and U 
octylglvco.i4«. The OR is eluted with 0.05 M diethylamine In 0.15 H 
r,ci containing IX octylglucoside (pH 11.5). immediately neutralized 
vith 2 H glycine pH 2.0 and concentrated by ultrafiltration through an 
Amicon YMOO membrane. Protein content is evaluated by a BCA protean 
assay (Pierce) and confirmed by SOS PACE electrophoresis. 

P>ntide synthesis . Peptides are synthesized on an Applied 
Biosystems (Foster Ciiy. CA) *30A peptide synthesiser according to veil 

known protocols. The synthesis of the peptide , ^ , , 

.l..Cha.Ala.Ala.Ala-Lys.Thr.Ala-Al..Ala.Ala-alaHH, (Example 10 below, 
is typical. The hydroxybensotriaxole ester of tert-butyloxycarbonyl-d- 
.l,nine (Bocd-alanin.) is r.ep.red by treatment of Bocd-alanine with 
equlmolar amounts of hydroxybenrotriasole and dicydohexylcarbodi.m.de 
in dimethylforma-ide for thirty minutes at room temperature. The 
mixture is then filtered to remove precipitated dicyclohexylurea. The 
resulting solution is added t. n .ethylbenshydrylamine resin and 
allowed to react for 60 minuter with gentle shaking or rocking. The 
resin is thoroughly washed with di-ethylformamide followed by 
dichloromethane. The t-butyloxycarbonyl protecting group of the 
resin-bound alanine is then removed by mixing the resin together with a 
50 X solution of trifluoroacetic acid In dichloromethane for 30 min.. 
followed by thorough washing with dichloromethane. The resulting resin- 
■ bound amine trif luoroac.tat. salt Is n.«trali«d oy treatment with a 20 
Z solution of diisopropyleJhylamine in dichloromethane. 

Chain elongation is actor ^li.hed by repe'ting the above sequence 
of I) amino acid activation. 2) coupling and 3) deprotection for each 
amino add residue. Upon completion of the chain elongation, the r sin 
is dried and the v^^-.i* it cleaved fro. the resin and completely 
deprotected by exposure to hydrogen fluoride in the presence of anisole 
lor 90 minutes at 0-C. The hydrogen fluoride is evaporated with a 
nitrogen stream and the peptide is washed with cold diethylether. 
- Finally the peptide is redlssolved in 25 X aqueous acetic acid and the 
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concaining amino acid Bin lies is carr 

.{..tii^s ar inc rporated acc rding to tne aoo «- 
protected amino acid BiBetics «r inc f 

...... «. ';:r;;n:: r 

performance liquid chroMtography (HPLC). The put y 
ubst.nti.ted by ..ino .cid sequence .nd/or " • '^^^^^^ ^ 

.re routinely >«X pure after HPLC. Peptides .re r.d.ol.beled 

described below. 

„...nc. .1 Pr.t.... inhibitors. BtU-po.lIl.< p.ptW.. . « 

<•»•> - ' 

SC1..C. 235.1353-1356 (1W)>- Th. ..»«»«....». •< pr.<.... 

» .p "».pi.. P.""- "~ " 

. ..3 « Pr..i.«l» li- ™' ""™,.„ 

PBS (0 5« HP-«. O.IX '» ' •" 

"lit !. .. .... " •"'•"'"*' \. 

■•■ . .. ..rr..,.- b, .-b.r...l.. .b. C0....1 <""-"' " 

Lib...» ^ «o «/.! *v tr 

*, DM. c»ip.titi« l*iblti». by «.l.b.l.i p.pti*. 1. ".I » 
Mt.raln. 10 SOZ viluu. 

,.„«. U 307.319. CfKl- *•) 
b„b 0.1 .nd «l.cul... 1. .b...P «'»■ «"•■""« 
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further study. The on, DR2. Dr*w4 and 0R4vl4 binding capacities £ a 
seri s £ peptide A analogs with single or multiple amino acid 
substitutions are determined as described ab ve. In .edition, the 
peptides are tested £or their ability to block an antigen-specific. 
HU-DR restricted T cell proliferative response. The protocol Is as 
follows: 

r.-.:..lar Assay for Inhibition An^i^.r. Presentation 

An EBV positive. DRU homozygous typing cell line. UC.2. is washed 
3X vlth Hank's Balanced Salt Solution (BBSS), auspended to 5 x 10 /ml 
in BBSS, and fixed vlth 0.5% p-formaldehyde (v/v) at room temperature 
for 20 .mutes. The fixed V^-l cells are washed IX with BBSS, washed 2X 
with BPMI media supplemented with L-glutamlne. non-essential amino 
acids, sodium pyruvate, antibiotics, and lOX human sera type AS 
(Complete Media. CM), resuspended at 10«/.l In CM. and then plated as 
100 ul into individual wells of a 96 well -Icrotlter dish. The fixed 
LC.2 cells are then pulsed simultaneously for 2 hours at 37«C with 50 
ul of test peptide and 50 ul of stimulatory peptide which have been 
dissolved m CM. The amount of stimulatory peptide added to each ..st 
veil IS constant and Is calculated so as to yield 60.80X of the maximal 
T cell proliferative response. The potential Inhibitor peptide Is 
evaluated In duplicate at several concentrations corresponding to 
multiples of the stimulatory p€ptlde concentration, usually 3X. lOX. 
50X M 250X. At the end of the two hour incubation the plates are 
cent^lfuged. and the media carafully aaplrated and replaced with fresh 
medium. The plates are washed in this «nner three times in order to ^ 
ensure complete removal of unbound peptide. At the end of the washes 50 
.,1 of CM remains In the well. Xn s..parate wells, increasing concen- 
trations of stimulatory peptide ate assayed in the absence of 
' inhibitory peptide in order to obtain dos-responie curves tor the 
stimulatory peptide and to ensure that the amount of stimulatory 
peptide used In test walls Is truly limiting. 

Antlgen-speclflc T cells are washed 2X In CM. suspended to 2 x 
lOVml in CM. and wlated as 150 wl into the wells containing the 
peptlde-pulsed LG-2 cells. The cultures ara incubated for three days at 
37.C and pulsed with O.l «Cl/w 11 of »H-thymidlne during the last 16 
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,o«rs of culture. At the terninaUon cf the cultures t'.e cells .re 
revested onto gl.ss Mher .nd the ..ount f »F-thy«idine. v .ch « 
been incorporated by the responder T cell. det.r.ined unzng liqui- 
scintillation counting. 

The inhlMt^ry activity of e«ch peptide is determined relative to 
the peptide of Example 29 belov. For each test peptide tne amount of 
inhibition is plotted as a function of the inhibitor "n-t ration and 
this graph is used to determine a SOX inhibitory dose. The inhibitory 
v!ty is then .xpressed as th. ratio of the SOX inhibitory dos o 
standard peptide (determined in a parallel .Kperi.ent) to that of 
the « pept de. These data are presented in the last th columns o 
Zu U Zs inhibitory value constitutes an additional means by vhich 
the MHC binding peptides can be compared. 



<t«hllitv Assays 

TO analyze stability of the peptides, the half life of the 
peptides is determined using a 25X human serum (v/v, assay. Using the 
/oledure described belov. the 25X human serum half life o peptide A 
i. determined to be about 100 minutes. The protocol is as ol ows. 
Pooled human serum (Type AB. non-heat inactivated, is obtained from 
Irvine Scientific and is delipidated by centrifugation before use. 
Human serum is diluted to 25X with RPHI tissue culture media All 
chemicals (reagent or HPLC gradO are purchased co«ercially fro. Sigma 
or Aldrich and used without further purification. 

Typically. 1 .1 of reaction solution in a 1.5 .1 Eppendorf tube is 
temperature-equilibrated at 37 . I'C for 15 minute, before adding 5 ul 
of peptide Steele solution (10 mg/.l in DKSO, to malce the final peptide 
concentration *Ow./.l. The inlti.l time i. recorded At .novn tUe 
interval. 100 wl cf reaction .olutlon 1. removed «.d added to 200 ul of 
either 6X aqueous trichloracetic .eld or ethanol. The cloudy reaction 
sample I. cooled (4«C) for 15 minute, .nd then spun at 14.000 rp. 

(Eppendorf centrifuge) for 2 .inutes to oellet the precipitated serum 

proteins. 

The foil wing controls are tarri d out for each run. i) each set 
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£ stability experiments includes a degradati n study on a reference 
study n a reference peptide (Peptide A), carried ut in separate 
solution, ii) peptide stability is also determined in precipitation 
supernatant containing AS (or greater) trichloroacetic acid to ensure 
that the peptides do not undergo acid-catalysed degradation while 
awaitJug HPLC sample aralysis. Ill) .ample recovery upon TCA or ethanol 
precipitation of serum proteins Is determined by comparison of the 
peptide pealc area at time - 0 with a peptide stock solution of known 
concentration in DKSO/H,0 (1:1). Generally. 6X TCA shows the highest 
peptide recovery, but where less than 90X recovery in TCA is observed. 
EtOR is used; ai peptides show 85X or greater recovery in their 
optimal precipitation media and Iv) peptide degradation Is carried ut 
under conditions where the degradation rat. constant Is Independent o. 
peptide concentration (demonstrated, for example, by lowering .he 
peptide concentration or using radiolabeled peptide only), and 
proportionately dependent on biroglcal media concentration. 

Peptide analysis is carried out by rever.ed-phase HPLC using 
stability-specific chromatography conditions. Most samples are analy.ed 
using a 5 um 25 X 0.4 cm Vydac C-IB column and a 0 -> 50 X gradient 
(0-0.08 X trifluoroacetlc acid in water -> 0.08 X trlf luoroacetic acid 
in CH.CN) over 30 minutes (flow . 1 .L/mlnute, detection - 21* nm. AUFS 
. 0.2) at room temperature. Where peptide coelutes with a media peak 
or one of the peptide degradation product peaks, a different brand of 
C.18 column (for example. Waters Bondapak) Is used to effect 
separation. HPLC linearity I. determined for a representative gr up I 
peptides up to 50 wg/mL (three-fold higher than the concentration 
actualy assayed for in the biological media Examp]es) In OMSO/H,0 
(1,1). This mixed solvent system Is chosen to ■inimlse peptide loss 
due to adhesion to the reaction vessel. HPLC stablllty-speclflcity is 
carried out by traditional methods Including: separate analysis of 
non-precipitated media peaks, analysis of peptide peak shape and peak 
•bsorbance ratlolng at 50 X peptide remaining, and kinetic analysis 
where first order loss of parmnt peptide should be observed 
(degradation of th* parent peptide cannot display a first order d cay 
curve Iwhen run under pieudo first order conditions! If B or C |of same 
retention time and similar molar absorptlvltyl build up to any 
appreciable xtent). 
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.».»,.ls "Tie* ». b, l.«< 
" ' n«.ss.l».-c.rr =t... Is 

.ir., .rd.r p.... ... •'»"■>« "«•""•" ' 

•98 (8 points). 



EXAMPLES 1-A8 

The following peptides were synthesized and tested: 
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Ex.No> ■ 

29 »l*-*l»-^*'«:*l*:Ji'.Jl!.T;:AU-Ly8-Thc-AU-AU-AU-Ala-«la 

30 Ae-tyr.AU-AU-Ph«-AU-AU AW 

AO Ada-Al«-Arg-Gln-Thr-Thr-Leu-Lys-AU-Al«-*liNB, 
lu-Op^PhLAU-AU-AU-AU-Hpr-Uu-Op -AU-AU-T^ 

45 .l^Dpl-Phe-AU-AU-AU-AU-Thr-Uu-Dp .A1..A1.-T01 
11 .1 ..AU-Phe-AU-AJ «-Ali-Al»-Thr-Uu-Dpl-AU-Alt-Tol 
t5:lr.Jil-Pht-Al..Al.-AU.Al..Thr.Al..0pl-Al..A^^^^^^^^ 
48 Iu.Al«-Cha-AU.AU-Al.-Al.-Pro-Lyi-AU-Alt.AU.«l.NH, 
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TABLE 1 



Cellular Assay 



1 356 

2 2*0 

3 255 
A 260 

5 287 « 

6 «11 

7 300 

8 «45 

9 n.d. 

10 383 

11 750 

12 531 

13 335 
U *95 

15 575 

16 2*6 

17 627 

18 31* 

19 575 

20 531 

21 329 

22 265 

23 n.d. 
2* 300 

25 665 ** ♦* « 

















* • 




*• 








• 












* 




*>* 






♦ 




<** 










* 




* 




n.d 



















♦ 



26 300 

27 216 

28 226 

29 6B7 

30 *06 

31 • n.d. 

32 n.d. 

33 *00 
3* 252 
15 "5 

36 n.d. t t " 

37 560 ♦ ** n 

38 n.d. ^ n 

39 n.d. 1 ^ n 

40 n.d. ♦ n 

41 * * n 
A2 ** » " 
A3 ** ♦ II 
** n.d. " 
*5 n.i. , f 
*6 ** ♦ ♦ 

47 n.d. t t s 

48 n.d. 



m 
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N tes to Table I: 



1) deternined in 2iX human serun 

2) Binding affinity relative to peptide A -I. where affinity greater 
than 1.0 Is 0.51 to l.O is 0.1 to 0.5 is "t", and less than 
0.1 is Ke of peptide A is approx. 5.6 nM vs ORl and 42 nH v$ 
DRAvA. 

3) Binding affinity relative to peptide B - 1; notation as above. Kj. 
of peptide B is approx.67 nM. Peptide B is the peptide having the 
sequence set out in Seq. Id. No«2. 

4) Inhibition of antigen presentation is relative to peptide of 
Example 29 - 1, where inhibition greater than 1.0 Is 0.51 to 1.0 
is O.l to 0.5 Is and less than 0.1 Is The 50? Inhibit ry 
dose for the peptide of Example 29 is approx. 10 uM vs DRl. 30 uM vs 
DR4w4, and 30 wM vs DR4vl4. 
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EXAMPLES A9-50 

These examples Show th.t the carboxy-ter.in.1 residues can be 
..placed by dipeptide i.osteres. In the peptides belo«. two C-ter-ina^ 
aUnine residues have been replaced by either ^ 
a.ide (FipNH,) or cis.4...inocyclohexanecarboxyla. de 
substitutions do not drastically alter the DR binding .£ inities of 
these peptides relative to the parent peptide. Tr.n.^...inocyclc. 
hexanecarboxylic acid would be equally veil tolerated. 

EX.49 .la.Ala.Ch..AU.Ala.Al.-Al..Thr-Lys-Al.-Al.-PipNH, 
EX.50 ,l..Al..Ch.-Al.-Ala.Al..Al.-Thr.Lys.Ala.Ala-AccNH, 

The results are presented in Table 2, below. The binding assays 
are perfor.ed as described above. The binding affinity of the test 
peptides is presented relative to either peptide A or peptide B. 

TABLE 2 



Ho. HHC Binding Assay 



49 
50 



1) Relative to peptide A 2) relative to peptide B 



,s EtAMPLES 51-52 

Ex. 51 tyr.Ala.Ly.-Ph.-Ala.Al.-Al.-Ly..Thr.Ala.Al..Al.-Ala.Tol 
Ex.52 tyr-Ala-Phe-Cln-Arg-cm-Thr-Thr-Uu-Lys-AU-Ala-Tol 

These •x«.pl«. (*. ««U •« ^^-P^" 
incorporation of reduced a.ino acid residues (..ino alcohols) at the 
C-.er-inu. of DR binding peptides doe. not adversely affect their 
binding affinities (Table 3). 
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A or peptide B. 

TABLE 3 

Ex No. Binding Assay 

52 

1, ReUtiv. to peptide A 2) relative to peptide B 



PYAMPLES 53-60 

These ex..ple. show th,t R, -y be replaced by a hydrophobic "end 
cap- corp:isi„;.n a.ino acid .i.-tic vitKout aft.ctin, the hindin« 
(Table *). 

EX.53 Chp-Ala-Ala-Ala-Lys-Thr-Ala-Ala-Ala-Phe-al. 
EX 5A Ad..Ala.Al..Ala.Ly..Thr-Ala.Ala-Ala.Ph.-ala 
EX.55 Chr-Ala-Ala-Ala-Lys-Thr-Ala-Ala-Ala-Phe-ala 
EX.56 Aac-Ala.Ala.Ala.Ly..Thr.Ala-Ala-Ala.Fh.-ala 

EX.57 Ppa-Ala-Ala-Ala-Lys-Thr-Ala-Ala-Ala-Phe-ala 

EX.58 ad..Ala.Ala.Ala-Ly.-Thr-Al.-Ala.Ala-Ph.-.la 

E,.59 2Na.Ala-Ala.Ala-Ly..Thr.Ala.Ala-Ala-Phe..la 

EX.60 lNa-Ala.Ala-Ala.Lyt.Thr-Ala.Ala.Ala-Ph-.la 

Chp . 3-cycloheJcylproplonic aeid 
Ada - L-adaaantyl alanine 
Cha - L-cydohexylalanine 
Aac - adaaantylacetic acid 
Ppa - 3-phenylpropionie acid 

•da - D-adaaantylalanine 

2Na > 2-naphthoie add 

INa • l-naphihoic add 



SEQUENCE LISTING 



1) GENERAL -;<rORHATION: 

2) INFORHnTION FOR SEQ W NO:l: 

(i) SEQUENCE CHARAaERlSTICS: 

(A) LENGTH: 13 ••Ino •elds 

(B) TTPEs •■ino •ci* 

(C) TOPOLOGT: linear 

(il) MOLECULE TYPE: peptide 
(ill) HYPOTHCTICAL: no 
(V) FRACMEOT TTPE: Iniern.l fragment 
(vl) ORIGINAL SOURCE: 
(X) PUBUCATION INFORMATION: 
(xi) SEQUENCE DESCRIPTION: SEQ ID H0:1: 
P.O Lys Tyr V.1 Lys Cl: Asn Thr Uu ty. Uu Al. 
307 310 5" 

3) INFORMATION FOR SEQ ID HO: 2: 

(I) SEOUtNCE CHARACTERISTICS: 

(A) LENGTH: 14 •■in© "clds 

(B) TTPEt •■ino Bcld 

(C) TOPOLOGY: linear 

(li) MOLECULE TYPE, peptide 
(ill) HYPOTBETICAL: n 
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CLAIMS 



3M 



I A peptide o£ for»ula 1 



to the C terminus; ,cid or .mino 

is . spacer sequence of fro- 0 
,cid -i-etlc residues. ^^^^^ 
R, is . hydrophobic L-.«ino or L—lno 

residue. _ ^ t-amlno acid or 

R, is « spacer sequence o£ fro. 2 
L...ino .eld .l«tlc residues. 

R. TKr or . Thr .l-etlc reside ^^^^^ ^^^^ 

R, is . spacer sequence o£ between u 
..ino add .l«etlc residues. 

r«ldue is a 0-amlno acid or an aalno 
provided that ai least one residue Is 

acid nlmetic. 

^ rtr: terstd th. ust 

Ua-lno add or L-..lno add -l-tic. 

-4«. to Clal. 1 or Clal. 2 l« vhlch the last 
3 A peptide according to Cia« i » 

residue of Ri (Xi) l» « '^-V 

.1 .« Clal. 2 m wMeh the Isostere of X,-Cln Is 
A. A i^eptld. acordlng to Clal- 2 ^ 

Ars-Cln. 

*t„. to Clal- I 1" vhlch the .roup R» contains 1 or 
5 . peptide acordln. o Cla 

2 residues. eo«P »*d I aia. •* 
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6. 



froB the group of Tyr, rne. 
■ineties. 

9. A peptide .cording to CUl- 

..i-k B is 1-5 residues long. 
ci«lm I In whit** R» is J a « 
10 ' P0Pti«»« .cording to CUl« * 
the last residue being » « 

f^.\m 10 in vhlch R» 1* 

. to CUl. 1 vhlch h.. . core binding region 
X2. A peptide .cording to CUl ^^^^^^ ^^^^^^^^ ^ 

corresponding to R,. li..AU.Al..Al.-Thr or 

Ch..Al.-Al.-Al.-AU.Thr. Ph.-Al i,,.^ui.„i„.. 
Phe.Al.-Al.-Al.-Lys.thr. where Ch. 

, peptide .ccordlng " ";;;.^,.,,..,i..AU.FlP^ 
.U.Al..Ch..Al.-Al..Al^^^^^^^^ 

.l..Al.-Ch.-AU-AU-AU Al. ^..^^..^laMH, 
.U.Ch..Al..Al..AU-Ly..th -^^^^^^^^ 
.U.AU-Ch.-AU.AU.AU.ty»^^^^^^^^ 
.U.AU.Ch..Al..AU.AU.^^^^^^^^^ 

tyr-AU-AU-Ch-AU^AU-AU ^^u-AU-.l-HH, . or 

.U.A1.-Pb.-AU.AU.AU-A ..T^^^^^^^^^^^ 
tyr-AU-AU-Fhe-Cln-Ari-Cln-Thr-Thr U 

, , »{Btm> Is plptrldlno-*-e.tboxyl 
•aide, .nd AccHB, Is en 
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administering an «ttective oo» 
one of ClaUs 1-13- 

M.n. to Cl.1. 15 in vhlch the .utol-une disease Is 
le A iiethod according to Claim *^ 
rheumatoid arthritis. 

rlalms 1-13 for use as a 
17 A peptide according to any one of Claims 

pharmaceutical- 

disease, 
arthrltla. 
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, , - . ,c-i6 are directed to » Mthod 

""•'^^ Sillies "i^^^^^^^^^^^^^ 

of the compounds. 
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